The in vivo dissection of direct RFX-target gene promoters in C. elegans reveals a novel cis-regulatory element, the C-box.
At the core of the primary transcriptional network regulating ciliary gene expression in Caenorhabditis elegans sensory neurons is the RFX/DAF-19 transcription factor, which binds and thereby positively regulates 13-15 bp X-box promoter motifs found in the cis-regulatory regions of many ciliary genes. However, the variable expression of direct RFX-target genes in various sets of ciliated sensory neurons (CSNs) occurs through as of yet uncharacterized mechanisms. In this study the cis-regulatory regions of 41 direct RFX-target genes are compared using in vivo genetic analyses and computational comparisons of orthologous nematode sequences. We find that neither the proximity to the translational start site nor the exact sequence composition of the X-box promoter motif of the respective ciliary gene can explain the variation in expression patterns observed among different direct RFX-target genes. Instead, a novel enhancer element appears to co-regulate ciliary genes in a DAF-19 dependent manner. This cytosine- and thymidine-rich sequence, the C-box, was found in the cis-regulatory regions in close proximity to the respective X-box motif for 84% of the most broadly expressed direct RFX-target genes sampled in this study. Molecular characterization confirmed that these 8-11 bp C-box sequences act as strong enhancer elements for direct RFX-target genes. An artificial promoter containing only an X-box promoter motif and two of the C-box enhancer elements was able to drive strong expression of a GFP reporter construct in many C. elegans CSNs. These data provide a much-improved understanding of how direct RFX-target genes are differentially regulated in C. elegans and will provide a molecular model for uncovering the transcriptional network mediating ciliary gene expression in animals.